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THE CLAIMS 



What is claimed is: 



1.1 A CVD precursor composition for forming a thin film dielectric on a substrate, such 
pr^ursor composition including at least one metalloamide source reagent compound of the 
for&iula: 

M(NR'R\ 

wherein M is selected from the group consisting of: Zr, Hf, Y, La, Lanthanide series elements, 
Ta, m, Al; N is nitrogen; each of Rl and R2 is same or different and is independently selected 
from me groyp consisting of H, aryl, perfluoroaryl, CpCs alkyl, CpCg perfluoroalkyl, alkylsilyl; 
and X is thefoxMation state on metal M. 



2. 



lelSvD precursor composition according to claim 1 , wherein and R^ are methyl. 



4. 



5. 



le CVD precursor composition according to claim 1 , wherein R* and R^ are ethyl. 
Tne CVD precursor composition according to claim 1, wherein M is Zr. 
TheiCVD precursor composition according to claim 1, wherein M is Hf. 



6. \ The CVD precursor composition according method according to claim 1, wherein the 
metalloamide source reagent compound is selected from the group consisting of: Zr(NMe2)4, 
ZrmEt2j5^ Ta(NEt2)5, Ta(NMeEt)5, Zr(NiPr2)4, Zr(NMe2)2(NPr2)2, Zr(NC6H,2)4, 
Zr(lkt2l(OTr2)2, Hf(NEt2)4, Hf(NMe2)4 La(NMe2)3, La(NEt2)3, Al(NMe2)3, Al(NEt2)3, AUC/x- 
NMA)2(^^5SY(NMe2)3, Y(NEt2)3, Ti(NMe2)4, Ti(NEt2)4, Ta(NMe2)5, Ta(NEt2)5. 

7. I The CVD precursor composition according to claim 1, wherein the metalloamide source 
reagenfi compound is selected from the group consisting of Zr(NMe2)4, Zr(NEt2)4, Hf(NMe2)4 and 
Hf(NEtV)4. 



8. 'Mie CVD precursor composition according to claim 1, wherein the precursor composition 
further emprises a solvent medium selected from the group consisting of: ethers, glymes. 
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terraglymes, amines, polyamines, alcohols, glycols, aliphatic hydrocarbon solvents, aromatic 
hydrocarbon solvents, cyclic ethers and combinations of two or more of the foregoing. 

9 The CVD precursor composition according to claim 7, wherein the precursor composition 
fi rther comprises a solvent medium selected from the group consisting of: ethers, glymes, 
U :raglymes, amines, polyamines, alcohols, glycols, aliphatic hydrocarbon solvents, aromatic 
hydrocarbon solvents, cyclic ethers and combinations of two or more of the foregoing. 

1^. The CVD precursor composition according to claim 9, wherein the solvent is octane. 

The CVD precursor composition according to claim 1, wherein the metalloamide source 
reagent compound is injected by liquid delivery into a chemical vapor deposition chamber. 

12 The CVD precursor composition according to claim 1, wherein the metalloamide source 
reagent compounds is delivered by bubbler into a chemical vapor deposition chamber. 

13^ Th^^^meth^^f claim 1 wherein the precursor composition further comprises an 
amimosilane source reagent compound of the formula: 
-\ - . HxSi(NR'R')4-x _ _ „ 

wherein H is hydrogen; x is from 0 to 3; Si is silicon; N is nitrogen; each of Rl and R2 is same or 
different and^ independently selected from the group consisting of H, aryl, perfluoroaryl, CpCs 
alkyl, and Q-(^erfluoroalkyl. 

14. The CVD precursor composition according to claim 13, wherein the metalloamide source 
reagent compound and the aminosilane source reagent compound are injected by liquid delivery 
into a chemical vapor deposition chamber. 

15. THe CVD precursor composition according to claim 13, wherein the metalloamide source 
reagent compound and the aminosilane source reagent compound are delivered by bubbler into a 
chemical vnpor deposition chamber. 

16. ThelCVD precursor composition according to claim 1, wherein the precursor composition 
comprises multiple metalloamide source reagent compounds. 
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The CVD precursor composition according to claim 13, wherein the precursor 
compV)sition further comprises a solvent medium selected from the group consisting of: ethers, 
glymes, tetraglymes, amines, polyamines, alcohols, glycols, aliphatic hydrocarbon solvents, 
aromatic hydrocarbon solvents, cyclic ethers and combinations of two or more of the foregoing. 

18. VThe CVD precursor composition according to claim 13, wherein the metalloamide source 
reagent compounds are co-injected by liquid delivery into a chemical vapor deposition chamber. 

19. me CVD precursor composition according to claim 1, wherein the precursor composition 
further ccmiprises a solvent medium selected from the group consisting of: ethers, glymes, 
tetraglymes, amines, polyamines, alcohols, glycols, aliphatic hydrocarbon solvents, aromatic 
hydrocarbcm solvents, cyclic ethers and combinations of two or more of the foregoing. 

20. ThejjCVjp precursor composition according to claim 1, wherein the metalloamide source 

reagent confcound isp^olved or suspended in a solvent, wherein the solvent is selected from the 

group consiaingW: Others, glymes, tetraglymes, amines, polyamines, alcohols, glycols, aliphatic 

hydrocarbon feolvents, aromatic hydrocarbon solvents, cyclic ethers and combinations of two or 
I 

more of the fqfegoing. 



21. A CVp precursor composition for forming a thin film dielectric on a substrate, such 

ii 

precursor comoosition including at least one source reagent compound of the formula: 
VsiCNR^RV 

wherein H is hy^ogen; x is from 0 to 3; Si is silicon; N is nitrogen; each of Rl and R2 is same or 
different and is independently selected from the group consisting of H, aryl, perfluoroaryl, CpCg 
alkyl, and CpCg perfluoroalkyl. 

22. The CVD precursor composition according to claim 21, wherein and R^ are methyl. 

23. The CVD precursor composition according to claim 21, wherein Rl and R2 are ethyl. 

24. The CVD precursor composition according to 21, wherein the aminosilane source reagent 
compound is selected from the group consisting of: Si(NMe2)4, and Si(NEt2)4. 
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25. The CVD precursor composition according to claim 24, wherein the precursor 
composition further comprises a solvent medium selected from the group consisting of: ethers, 
glymes, tetraglymes, amines, polyamines, alcohols, glycols, aliphatic hydrocarbon solvents, 
arcnnatic hydrocarbon solvents, cyclic ethers and combinations of two or more of the foregoing. 

26. \\ The CVD precursor composition according to claim 25, wherein the solvent is octane. 

27. ll The CVD precursor composition according to claim 21, wherein the aminosilane source 
reagem compound is dissolved or suspended in a solvent, wherein the solvent is selected from the 
group consisting of: ethers, glymes, tetraglymes, amines, polyamines, alcohols, glycols, aliphatic 
hydroc£U"bon solvents, aromatic hydrocarbon solvents, cyclic ethers and combinations of two or 
more ofme fomg^ng. 

28. TThe dyDlprecursor composition according to claim 21, wherein the aminosilane source 

29. The CVD precursor composition according to claim 21, wherein the aminosilane source 
reagent compounds is delivered by bubbler into a chemical vapor deposition chamber. Add to 

-spec. - 



30. The ^VD precursor of claim 21, wherein the precursor composition further comprises a 
metalloamide ^source reagent compound of the formula: 



wherein M is selected from the group consisting of: Zr, Hf, Y, La, Lanthanide series elements, 
Ta, Ti, Al; N is nitrogen; each of Rl and R2 is same or different and is independently selected 
from the group consisting of H, aryl, perfluoroaryl, CrC8 2. 

\ 

3 1 . The CVD precursor composition according to claim 30, wherein R and R are methyl. 

32. The CVD precursor composition according to claim 30, wherein R* and R^ of the 
metalloamide source reagent compound are ethyl. 



33. The CVD precuKor composition according to claim 30, wherein M is Zr. 
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341 The CVD precursor composition according to claim 30, wherein M is Hf. 



35. 1 The CVD precursor composition according to claim 30, wherein the metalloamide source 
reagent compound is selected from the group consisting of: Zr(NMe2)4, Zr(NEt2)4, Ta(NEt2)5, 
Ta(fL[eEt)5, Zr(NiPr2)4, Zr(NMe2)2(NPr2)2, Zr(NC6Hi2)4, Zr(NEt2)2(NPr2)2, Hf(NEt2)4, 
Hf(N&ie2)4 La(NMe2)3, La(NEt2)3, Al(NMe2)3, Al(NEt2)3, Al2(/i-NMe2)2(NMe2)4 Y(NMe2)3, 
Y(NeS)3, Ti(NMe2)4, Ti(NEt2)4, Ta(NMe2)5, Ta(NEt2)5. 



36. vThe CVD precursor composition according to claim 30, wherein the metalloamide 
source reagent compound is selected from the group consisting of Zr(NMe2)4, Zr(NEt2)4, 
Hf(NEt2)l\and Hf(NMe2)4. 



37. AijCVD of^ursor composition for forming a thin film dielectric on a substrate, such 
precursor c^mpositimi including a vapor source reagent mixture including a metalloamide source 
reagent con^pouira ow^^formula: 

MCNR'R'), 



wherein M islselected-from the group .consisting of: Zr, Hf, Y, La, Lanthanide series elements, 
Ta, Ti, Al; Mis nitrogen; each of Rl and R2 is same or different and is independently selected 



from the group consisting of H, aryl, perfluoroaryl, Ci-Cgalkyl, d-Cgperfluoroalkyl, alkylsilyl; x 
11 

J 



11 

is the oxidation state of metal M 



38. The GVD precursor according to claim 37, wherein the CVD precursor composition 
I 

further comprises a vapor source reagent compoxmd selected from the group consisting of: silane, 
trimethylsilane|tetraethylorthosilicate. 



39. A CVD precursor composition for forming a thin film dielectric on a substrate, such 
precursor comppsition including a vapor source reagent mixture including a metalloamide source 
reagent compound of the formula 

M(NR*R' 
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wher^n M is selected from the group consisting of: Zr, Hf, Y, La, Lanthanide series elements, 
Ta, Til Al; N is nitrogen; each of Rl and R2 is same or different and is independently selected 
from tKe group consisting of H, aryl, perfluoroaryl, CpCg alkyl, Ci-Cgperfluoroalkyl, alkylsilyl; x 
is the oxidation state of metal M; and 



an aminosilane source reagent compound of the formula: 
Hisi(NR^R')4.x 



wherein H is hydrogen; x is from 0 to 3; Si is silicon; N is nitrogen; each of Rl and R2 is same 
or different and is independently selected from the group consisting of H, aryl, perfluoroaryl, Cp 
Cg alkyl, a|d Ci-Csperfluoroalkyl. 



ana 

1 



40. A dijVD itml^component, single source reagent composition useful for forming a silicate 
thin film dielecftic on a substrate, the source reagent composition comprising at least one 
metalloamide vapor ^Ujg^ reagent compound of the formula: 




M(I{JR*R^)x 



wherein M is selected from the" group- consisting of:-Zr, Hf, Y, La, Lanthanide series elements,. 

Ta, Ti, Al; Nlis nitrogen; each of Rl and R2 is same or different and is independently selected 

t 

from the group consisting of H, aryl, perfluoroaryl, CpCs alkyl, CpCgperfluoroalkyl, alkylsilyl; x 
is the oxidation state of metal M; 



at least one arninosilane vapor source reagent compound of the formula: 



H,Si(NR'RV 



wherein H is'hydrogen; x is from 0 to 3; Si is silicon; N is nitrogen; each of Rl and R2 is same 
or different md is independently selected from the group consisting of H, aryl, perfluoroaryl, d- 
Cg alkyl, ami Ci-Cgperfluoroalkyl; and 

a solvent medium in which the metalloamide compound and the aminosilane compound are 
soluble or si spendable. 
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4 1^^ A CVD method of forming a dielectric thin film on a substrate, comprising the steps of 

vaporizing a source reagent composition comprising at least one metalloamide 
precursor to form a source reagent precursor vapor; 

transporting the source reagent precursor vapor into a chemical vapor deposition 
^zone, optionally using a carrier gas; 

bontacting the source reagent precursor vapor v^ith a substrate in said chemical vapor 
deposition zone at elevated temperature to deposit a dielectric thin film on the substrate. 

42. Tne method according to claim 41 wherein the metalloamide precursor has the general 
formula of \ 

M( 

wherein M iSlseleeteJ^rom the group consisting of Zr, Hf, Y, La, Lanthanide series elements, 
Ta, Ti, Al; MUs nilr^en; each of Rl and R2 is same or different and is independently selected 
fi*om the group consisting of H, aryl, perfluoroaryl, CpCg alkyl, CpCg perfluoroalkyl, alkylsilyl; 
and X is the ox^ation state of metal M. . . ^ 

43. The CW) method according to claim 42, wherein the source reagent composition is 
vaporized in a liquid delivery apparatus. 



44. The CVD method according to claim 42, wherein the source reagent vapor is transported 
into the chemical va^por deposition chamber in a pulsed deposition mode. 



45. The CVD method according to claim 42, wherein the dielectric thin film is deposited in 
the absence of an oxidizer. 



46. The CVD method according to claim 42, wherein the source reagent vapor further 
comprises a co-react ive\as. 

I 

47. The CVD method\according to claim 46, wherein the co-reactive gas is selected from the 
group consisting of ozone) water vapor and reactive alcohols. 
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4^ The CVD method according to claim 42, wherein the metalloamide source reagent 
compound is selected from the group consisting of: Zr(NMe2)4, Zr(NEt2)4, Hf(NMe2)4 and 
Hf(l5tet2)4. 

49. Vhe CVD method according to claim 42, wherein the metalloamide source reagent 
compou™ is Hf(NMe2)4. 

50. The CVD method according to claim 49, wherein the metalloamide source reagent 
compound is dissolved or suspended in octane. 

51. The CVD method according to claim 42, wherein the metalloamide source reagent 

52. The CW) m^thqj^ according to claim 51, wherein the solvent is octane. 

53. The CV^ method according to claim 42, wherein the metalloamide source reagent 
compound is ZT(NMe2)4 



54. The CVD method according to claim 53, wherein the metalloamide precursor further 
comprises La(NMe2|3. 



55. The CVD method according to claim 42, wherein the metalloamide source reagent 
\ 

compound is, Y(NMe2)^. 



56. The CVD method according to claim 42, wherein the metalloamide source reagent 
compound comprises Hf(N(CH3)2)4 and La(N(CH3)2)5. 



57. The CVD method according to claim 42, further comprising an aminosilane precursor. 



58. The CVD method according to claim 57, wherein the metalloamide source reagent 
compound is Hf(NMe2)4 and the aminosilane source reagent compound is Si(NMe2)4. 
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59^ The CVD method according to claim 42, wherein the carrier gas is selected from the 
grcmp consisting of : He, Ar, H2, and O2, 

60. \ The CVD method according to claim 42, further comprising an oxidizing gas selected 
from the group consisting of: O2, N2O, NO and O3. 

61 . T^ CVD method according to claim 60, wherein the oxidizing gas is N2O. 

62. ThrnCVD method according to claim 58, further comprising an oxidizing gas, wherein 
the oxidizine\gas is N2O. 

63. The CVD metfeod according to claim 42, wherein the metalloamide source reagent 
compound is viporiz^Jy^ in the range of from about 100°C to about 300°C. 



64. The CVD memokt^^ording to claim 42, wherein the chemical vapor deposition zone is 
at a temperature m L/range of from about 350°C to about 750°C. 



65. A method W forming a dielectric thin film on a substrate, comprising the steps of: 

vaporizing\ source reagent precursor composition mixture comprising at least one 
metalloamicm precursor and at least one aminosilane precursor, to form a source reagent 
precursor vapor; 



transporting the source reagent precursor vapor into a chemical vapor deposition zone, 
optionally using\a carrier gas; 



contacting the s(|urce reagent precursor vapor with a substrate in said chemical vapor 
deposition zone at\elevated temperature, to deposit a dielectric thin film on the substrate. 



66. The CVD methodAaccording to claim 65, wherein the metalloamide source reagent 
compound fiirther comprises\Zr(NMe2)5- 



67. The CVD method according to claim 65, wherein the metalloamide source reagent 
compound is Hf(NMe2)4 and tire aminosilane source reagent compound is Si(NMe2)4. 
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681. The CVD method according to claim 67, further comprising CVD deposition of a HfN 
gafe conductor on the dielectric thin film from the metalloamide source reagent and a co-reactant 
gas selected from the group consisting of NH3 and N2 piasma* 

69. ^ method of making a gate dielectric and a gate electrode comprising the steps of: 

Waporizing a first precursor composition comprising at least one metalloamide 
Wrce reagent compound to form a first source reagent precursor vapor; 

tr^sporting the first source reagent precursor vapor into a chemical vapor deposition 
zone, optionally using a carrier gas; 

contacting th^fl^t source reagent precursor vapor with a substrate in said chemical vapor 
deposmon z/ne p. elevated temperature to deposit a dielectric thin film on the substrate; 

vaporizing h s^cWd^recursor composition comprising at least one metalloamide source 
reagent eon^p/und to form a second source reagent precursor vapor; 

transporting-the second source reagent-precursor vapor into a chemical vapor deposition 

zone, optionally using a carrier gas; 

contacting me second source reagent precursor vapor with a substrate, comprising the 
dielectric thm film, in said chemical vapor deposition zone at elevated temperature to 
deposit a gat J^nducting thin film on the dielectric thin film. 

70. The method of ilaim 69, wherein the gate electrode is a metal nitride gate electrode. 

71. The method of^claim 69, wherein the metalloamide source reagent compound is 
Hf(NMe2)4. 

72. The method of clai^n 69, wherein the first precursor composition fiirther comprises an 
amino silane source reagent. 



73. The method of claim 69i wherein the aminosilane comprises Si(NMe2)4. 
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741 The method of claim 69, wherein the first source reagent precursor vapor further 
cornprises a process gas. 

75. \ The method of claim 74, wherein the process gas is N2O. 



76. The method of claim 69, wherein the second source reagent precursor vapor further 
comprise^ process gas. 

77. Th^nethod of claim 76, wherein the process gas is NH3. 

\\ 

78. The i^ethod of claim 69, wherein the first and second precursor composition comprises 
Hf(NMe2)4. 



79. A diele 




film formed by the method of claim 65. 



80. The dielectric thin film according to claim 79, wherein the dielectric thin film is selected 
from the group Consisting of gate dielectrics, high dielectric constant metal oxides, and 
ferroelectric metal-oxides. - - - _ — _ ^ 



81. The dielectrimthin film according to claim 79, wherein the dielectric thin film is a metal 
silicate gate dielectric.^ 

82. The gate dielecl^c thin film according to claim 79, wherein the dielectric thin film is 
selected from the group consisting of: ZrSi04; HflSi04; Tai.x AlxOy, where x is 0.03-0.7 and y is 
1.5-3; Ta,.xSixOy, where H is 0.05-0.15 and y is 1.5-3; Ta,.x.zAlxSizOy, where 0.7>x+z>0.05, 
z<0.15 and y is 1.5-3; Hfl^2; ZrOa; Ta205; ZrxSi2-x04 where x is 0.2-1.6; HfxSi2.x04, where x is 
0.2-1.6; HfxLaySi2.x04+i.5y, where x is 0.2-1.6 and y is 0-1; ZrxLaySi2-x04+i.5y, where x is 0.2-1.6 
and y is 0-1; HfxAlySi2.x04+i^, where x is 0.2-1.6 and y is 0-0.2; ZrxAlySi2.x04+i,5y, where x is 0.2- 
1.6 and y is 0-0.2. 



83. The gate dielectric thinlfilm according to claim 79, wherein the gate dielectric thin film is 
selected from the group consisti^ metal oxide, a metal silicate and metal silicon-oxy-nitride. 
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84. ^ The gate dielectric thin film according to claim 79, wherein the gate dielectric thin film is 
a metal silicate gate dielectric thin film. 
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85, I The gate dielectric thin film according to claim 79, wherein the ratio of Mx/Sii.x in the 
silicafe gate dielectric thin film, wherein x is between 0.01 to 10. 
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